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ABSTRACT 
The need to explore environmentally friendly materials to avoid the depletion of the 
nonrenewable resources is very significant. The human race has been heavily dependent on 
nonrenewable resources since the industrial revolution.  The rate of consumption of these 
resources is higher than the rate at which these resources replenish themselves since it has been 
established that most of these resources take millions of years to replenish. A critical look into 
the future reveals that there is a looming resource crisis since these resources are being depleted.  
Fossil fuel combustion is linked to the increase in CO2 in the atmosphere. Global warming, 
which is as a result of the presence of CO2 in the atmosphere, is one of the major problems we 
are facing today.  Faced with the shortages of natural resources, pollution, overgrowth, and 
concern for protecting the environment, human beings are coming to realize that new concepts 
are needed to analyze the interdependent parts of the built environment as a whole (Roudebush, 
1992). The current concern is to reduce further human impact on the environment and to find 
ways to adapt to the change that has already occurred over the past several decades 
In light of the present need for optimal use of our resources, as opposed to maximizing, there is 
an increasing shift of focus to system evaluation methodologies that can be used to evaluate the 
environmental impact of a product or system. It is with this in mind that this study was carried 
out to compare the environmental impact and contribution of both Leadership in Energy and 
Environmental Design and NON-LEED® window systems. The LEED® window was SAS Series 
3 at The Oaks dining hall at Bowling Green State University in Bowling Green, Ohio and the 
NON-LEED® was the Kawneer 1600 used at the Stroh Center on the same campus. The study 
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employed the use of the Environmental Value Engineering (EVE) methodology which, unlike 
any other environmental life cycle assessment method, accounts for the inputs of environment, 
fuel energy, goods, and services to the alternatives competing for similar resources. Inputs are in 
terms of Emergy. EMERGY is defined as all the available energy that was used in the work of 
making a product, including environmental impacts relating to inputs of: environment, fuel 
energy, goods, and services (labor) (Roudebush, 2003). 
The EVE analysis carried out indicated that the NON-LEED® (Kawneer 1600) window system 
has substantially less impact on the environment than the LEED® (SAS Series 3) window system. 
The results show that the LEED® window system accounts for 1.46x1019 SEJs while the NON-
LEED® window system accounts for 9.49x1015 SEJs. The LEED® window system requires 
1.46x1019 SEJs more than the NON-LEED® window system. Therefore the LEED® alternative A 
has an impact of 99.93% greater than that of the NON-LEED® alternative B making the NON-
LEED® alternative B more environmentally friendly. 
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CHAPTER 1 
INTRODUCTION 
Context of the problem 
The human race has been heavily dependent on nonrenewable resources since the industrial 
revolution. A critical look into the future reveals that there is a looming resource crisis since 
these resources are being depleted. According to the United Nations Population Fund reports, 
from the beginning of time until 1950, the world population grew to almost 3 billion people: 
from 1950 to 1990, that population doubled; and it is expected to double again by the middle of 
the next century. The limited resources we draw from now will have to support nearly 12 billion 
people. Depletion of resources can potentially end the human race. A classical example is the 
Easter Island discovered in 1722, whose inhabitants exploited their resources to the extreme, to 
their own extinction (Ross & Dru, 1999). There is therefore the need to explore better use of 
materials to avoid the depletion of the non-renewable resources. 
Societal costs due to human activities can be very significant. One of the major problems we are 
facing today is global warming. The Intergovernmental Panel on Climate Change (IPCC) 
concluded that there is greater than 90 percent likelihood that people are causing global warming 
(IPCC, 2007). Studies show there is more CO2 in the atmosphere than at any time in the last 
800,000 years. The increase in CO2 levels is linked to emissions from fossil fuel combustion. 
Land use, air pollution, and deforestation also play a major role. The current concern is to reduce 
further human impact on the environment and to find ways to adapt to the change that has 
already occurred over the past several decades. 
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The operation of technological societies is dependent upon the good use of the earth’s resources 
and on economic developments that are compatible. Faced with the shortages of natural 
resources, pollution, overgrowth, and concern for protecting the environment, human beings are 
coming to realize that new concepts are needed to analyze the interdependent parts of the built 
environment as a whole (Roudebush, 1992).  
As environmental conditions change, the response of a system will adapt by optimizing, and not 
necessarily maximizing, it’s efficiency, so that maximum power output can be maintained 
(Odum & Odum, 2006). In light of the present need for optimal use of our resources, as opposed 
to maximizing, there is an increasing shift of focus to system evaluation methodologies that can 
be used to evaluate the environmental impact of a product or system. It is with this ever-
increasing need for products that are not only functional and cost-effective, but also 
environmental friendly, that environmental life cycle assessment is gaining popularity 
The intent of this study was to compare the environmental impact of LEED® and NON-LEED® 
curtain window systems using the Environmental Value Engineering (copyright © Wilfred H. 
Roudebush, 1990) methodology. The methodology was used to compare the inputs of the 
environment, fuel energy, goods, and services in terms of EMERGY for both systems. 
EMERGY is defined as all the available energy that was used in the work of making a product, 
including environmental impacts relating to inputs of environment, fuel energy, goods, and 
services (labor) (Roudebush, 2003). The ten life cycle phase of Environment, Fuel, Goods and 
Services of Environmental Value Engineering includes the following: natural resource 
formation, natural resource exploration and extraction, material production, design, component 
production, construction (assembly), use, demolition, natural resource recycling, and disposal. 
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Statement of the problem 
The purpose of this study was to compare the environmental impact of a LEED® curtain wall 
window system (timber mullion) and NON-LEED® curtain wall window system (aluminum 
mullion) alternatives using the environmental value engineering (EVE) methodology. 
Objectives of the study 
• To calculate the EMERGY inputs of environment, fuel, goods and services of LEED® 
curtain wall system. 
• To calculate the EMERGY inputs of environment, fuel, goods and services of NON-
LEED® curtain wall system. 
• To compare the environmental impact in terms of EMERGY inputs of environment, fuel, 
goods and services of both LEED® and NON-LEED® curtain wall system employing the 
environmental value engineering methodology. 
 
Significance of the study 
Environmentally friendly materials and methods are gaining much more popularity in the 
construction industry. It is rare to open a newspaper or watch television without being exposed to 
information about environmental damage, followed by what people are doing to fix it. Consumer 
interest in environmental issues has been gaining ground steadily. According to the Office of 
Energy and Environmental Industries (OEEI) the global market for environmental technologies 
is approximately $782 billion. Using green products responds to this growing market demand for 
organic, nontoxic, energy-efficient, and earth-friendly products. 
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Non-renewable resources are finite. We are using these resources faster than the earth can re-
grow them since these resources require millions or billions of years to be replenished. Most 
goods are derived from the Earth’s natural resources, to be used briefly and then buried in a 
landfill. Optimization of resources is more desirable than maximization to responsibly manage 
energy and environmental resources in an effort to avoid the depletion of these resources. 
Building and construction activities worldwide consume 3 billion tons of raw materials each year 
or 40 percent of total global use  (Roodman & Lenssen, 1995). Using green building materials 
and products promotes conservation of dwindling nonrenewable resources internationally. In 
addition, integrating green building materials into building projects can help reduce the 
environmental impacts associated with the extraction, transport, processing, fabrication, 
installation, reuse, recycling, and disposal of these building industry source materials. 
Environmental life cycle assessment is a tool used to systematically evaluate the environmental 
impact of a system. The concept of life cycle assessment is to evaluate the environmental effects 
associated with any given activity from the initial gathering of raw material from the earth until 
the point at which all residuals are returned to the earth (“cradle to grave”). Environmental value 
engineering (EVE) is an environmental life cycle analysis methodology that evaluates the 
environmental impact and contribution of built alternatives in terms of solar energy joules (SEJ) 
over the life cycle (Roudebush, 1992).  
As stated by Odum (1988), money cannot be used directly to measure environmental 
contributions to the public good, since money is only paid to people for their services, not to the 
environmental service generating resources. Since money goes only to pay for human services, it 
is not utilized in environmental value engineering. EMERGY is the unit of quantification utilized 
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in environmental value engineering, because it accounts for all the inputs of the environment, 
fuel energy, goods, and services. 
The environmental value engineering methodology was used to compare environment, fuel 
energy, goods, and services input sources for both the LEED® and NON-LEED® alternatives in 
this study. 
Assumptions 
The following assumptions were made in this research project: 
1. The gaskets and glass are the same on both window systems. 
2. The wood mullion of the LEED® window system will be replaced every 50 years. 
3. Both window systems are recycled at the end of their useful life. 
4. There is no significance difference in the inputs at the design and component phases. 
The following were deemed beyond the scope of this study: 
1. Social costs. 
2. Disposal costs of both systems. 
Definition of Terms 
Environmental Value Engineering 
Environmental value engineering (EVE) is an environmental life cycle analysis methodology 
that evaluates the environmental impact and contribution of built alternatives in terms of 
EMERGY through ten life cycle phases namely: natural resource formation, natural resource 
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exploration and extraction, material production, design, component production, construction 
(assembly), use, demolition, natural resource recycling reuse, and disposal. According to 
Roudebush (1992), built environment alternatives requiring the least EMERGY help drive the 
society toward sustainable development. 
EMERGY 
EMERGY is defined as all the available energy that was used in the work of making a product, 
including environmental impacts relating to inputs of: environment, fuel energy, goods, and 
services (labor) (Roudebush, 2003). EMERGY is a scientific based measure of wealth that puts 
raw materials, commodities, goods, and services on a common basis, the energy of one kind 
(usually solar) that has to be used up directly and indirectly to make a product or service (Odum 
& Odum, 2006). EMERGY is expressed in standard units of energy called solar emjoules (SEJ).  
Life Cycle Assessment 
Life cycle assessment is a technique to assess each and every impact associated with all the 
stages of a process from cradle-to-grave (i.e., from raw materials through materials processing, 
manufacture, distribution, use, repair and maintenance, and disposal or recycling). The use of 
LCA’s primarily helps avoid limited outlook on environmental, social, and economic inputs and 
concerns. 
LEED® 
LEED®, or Leadership in Energy and Environmental Design, is an internationally-recognized 
green building certification system developed by the U.S. Green Building Council (USGBC) in 
March 2000. LEED® provides building owners and operators with a framework for identifying 
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and implementing practical and measurable green building design, construction, operations and 
maintenance solutions. LEED® promotes sustainable building and development practices through 
a suite of rating systems that recognize projects that implement strategies for better 
environmental and health performance. 
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CHAPTER 2 
LITERATURE REVIEW 
Background 
Consumer interest in environmental issues has been gaining ground steadily and according to the 
Office of Energy and Environmental Industries (OEEI) the global market for environmental 
technologies is approximately $782 billion. This interest is driving manufacturers and designers 
to explore options for green products. Often, however, the question is not so much whether a 
greener, more efficient solution exists, but how to identify it and how to implement it. Many 
technologies have been developed to assess the environmental impact of materials, products and 
systems. Some of these are life cycle cost analysis (LCA), carbon foot print and cost-benefit 
analysis. 
The need to responsibly manage energy and environmental resources calls for the use of 
evaluation tools to compare these competing alternatives with a view of adopting the most 
environmental-friendly choice. Traditional LCA and cost-benefit analysis use money. As stated 
by Odum (1988), money cannot be used directly to measure environmental contributions to the 
public good, since money is only paid to people for their services, not to the environmental 
service generating resources. The essence is to have a system evaluation methodology that can 
be used to compare environmental impact of competing alternatives and create a baseline for 
decision making. It is with this ever-increasing need for products that are not only functional and 
cost-effective, but also environmental friendly, that environmental life cycle assessment is 
gaining popularity. 
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The Oaks 
The Oaks is one of the LEED® certified buildings on the Bowling Green State University 
campus.  The main features are green roof with herb garden, kiosk explaining green designs, 
employee shower facilities and bike racks to promote commuter alternatives.  The façade has 
glass exposures for natural daylighting and the building was designed for thermal efficiency and 
comfort. 
 
In preparing the site, demolished building recycled material was used for filling and seventy-five 
percent of the construction waste was recycled. Materials used are low emitting and 20% 
recycled. It has solar power to assist electric needs and enhanced refrigeration equipment. Storm 
water is reclaimed for gray water use in restroom fixtures and for all landscape irrigation. A 
pulper is used for garbage processing and trayless dining is utilized to save on waste. The 
exterior curtain wall system used is the CTW series 3 wood hybrid. 
 
CTW Series 3 wood hybrid curtain wall system  
The Hybrid series 3 curtain walls is a high performance well drained stick system that achieves 
very high thermal insulation values. Comprising the insulation benefits of wood on the inside 
and aluminum on the outside, the curtain wall incorporates hybrid windows and doors specially 
designed for the system.  
The walls are tested in accordance with American Architectural Manufacturers Association 
(AAMA) and curtain wall standard. Insulated glazing is standard and carried out to the 
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recommendations of AAMA. A variety of glass options are available to maximize the thermal 
and acoustic performance. The glazing is inserted between the aluminum and the wood as shown 
in Figures 1 and 2 below. The external aluminum is available in anodized or Kynar finishes. The 
internal wood is available in clear lacquered or water based paint. It is applicable for low to high 
rise buildings and suitable for high span applications. 
Maintenance 
Regular dusting as well as the occasional use of domestic furniture polish to wipe clean is 
sufficient.  Water-based lacquer applied at least once per year and to all damaged surfaces will 
prevent the wood from absorbing moisture. In the case of any algae growth, a fungicidal wash is 
recommended as a pre-treatment for external wood. The wood is replaced in a minimum of 50 
years.  
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Figure 1: Section of CTW Series 3 wood hybrid curtain wall system 
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Figure 2: Picture of CTW Series 3 wood hybrid curtain wall system 
 
 The Stroh Center 
The Stroh Center is a state-of-the-art venue for concerts, commencement, lectures, and 
numerous campus and community events, and serve as the home for the Falcon men’s and 
women’s basketball and volleyball programs.  The facility includes locker rooms, meeting 
rooms, and coaching staff offices for the teams, the BGSU Athletics Hall of Fame, a 
merchandise store, ticket office, and lounge.  The curtain wall system used is the Kawneer 1600 
wall system. 
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Kawneer 1600 wall system 
The Kawneer 1600 wall system shown in Figure 3 is a glazed aluminum wall system with 
aluminum mullions. It is stick-fabricated; pressure glazed curtain walls for low-to-mid-rise 
applications and is designed to be used independently or as an integrated system to provide 
visual impact for almost any type of building.  There are two main types: 
• 1600 Wall System®1: which is an outside glazed, captured curtain wall 
• 1600 Wall System®2: this is a Structural Silicone Glazed (SSG) curtain wall.  
The 1600 Wall System®1 was selected for this research project because it was used for the Stroh 
Center curtain wall. 
Installation involves the following steps: 
• Checking out openings and laying out anchor and mullion center lines 
• Assembling frame and thermal break 
• Installing vertical mullions, head/sills and intermediate horizontals 
• Install joint plugs and sealing joints 
• Installing interior and exterior glazing gaskets  
• Installing glass and exterior pressure plates 
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Figure 3: Picture of Kawneer 1600  curtain wall system 
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LEED® For New Construction and Major Renovations 
LEED® is an assessment tool in energy and environmental design. The reviewed document is the 
LEED®
 
 2009 Green Building Rating System for New Construction and Major Renovations. This 
is a set of performance standards for certifying the design and construction of commercial or 
institutional buildings and high-rise residential buildings of all sizes, both public and private.  
The intent is to promote healthful, durable, affordable, and environmentally sound practices in 
building design and construction. Prerequisites and credits in the LEED®
1. Sustainable Sites (SS) – Maximum of 26 points 
 2009 for New 
Construction and Major Renovations address seven topics:  
2. Water Efficiency (WE) – Maximum of 10 points 
3. Energy and Atmosphere (EA) – Maximum of 35 points 
4. Materials and Resources (MR) – Maximum of 14 points 
5. Indoor Environmental Quality (IEQ) – Maximum of 15 points 
6. Innovation in Design (ID) – Maximum of six points 
7. Regional Priority (RP) – Maximum of four points 
LEED®
• Certified  40–49 points 
 2009 for New Construction and Major Renovations certifications are awarded according 
to the following scale: 
• silver  50–59 points 
• gold  60–79 points 
• platinum  80 points and above 
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Environmental Value Engineering 
Environmental value engineering (EVE) is an assessment methodology developed by Dr. 
Wilfred H. Roudebush (1992) to account for the environmental role of built environmental 
alternatives. This life cycle analysis evaluates the environmental contribution and impact of built 
environmental alternatives in units of solar EMERGY over a complete built environment 
alternatives life cycle. Life cycle was defined to include all phases that a built environment 
alternative goes through, from natural resource formation through final disposal. There are ten 
life cycle phases in environmental value engineering. These phases are: natural resource 
formation, natural resource exploration and extraction, material production, design, component 
production, construction (assembly), use, demolition, natural resource recycling, and disposal. 
The 10 phases of EVE, in Table 1 below, are based upon different production and consumption 
processes taking place within each phase. These production and consumption processes have 
distinct categorical environmental impact input requirements of environment (E), fuel energy 
(F), goods (G), and services (S) (Roudebush, 1997).  
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Table 1: Ten phases of EVE (Roudebush, 1992) 
PHASE A NATURAL RESOURCE FORMATION 
PHASE B NATURAL RESOURCE EXPLORATION & EXTRACTION 
PHASE C MATERIAL PRODUCTION 
PHASE D DESIGN 
PHASE E COMPONENT PRODUCTION 
PHASE F CONSTRUCTION (ASSEMBLY) 
PHASE G USE 
PHASE H DEMOLITION 
PHASE I NATURAL RESOURCE RECYCLING (REUSE) 
PHASE J DISPOSAL 
 
The following ten EVE phase descriptions are from Roudebush (1992). 
Phase A: Natural resource formation  
This phase involves the production and consumption of various environmental systems 
(ecosystems, geology systems, etc.). For a given construction method alternative, the natural 
resources would include minerals, which are formed by the earth processes over millions of 
years, and biomass, resulting from living organism net production occurring over shorter periods 
of time. 
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Phase B: Natural resource exploration and extraction 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during natural resource exploration and extraction processes. Environmental impacts assignable 
to this phase include renewable environmental inputs in the form of land used during extraction 
and storage of extracted natural resources. Reclamation of land, after natural resource extraction, 
and transportation of natural resources for material production is included in this phase. 
Phase C: Material production 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during material production. This includes conversion of natural resources into materials used for 
the component production of a built environment alternative. Some materials are produced 
directly into standardized components such as structural steel, windows, doors, and roofing 
components. 
Phase D: Design 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during architectural and engineering design of the built environment alternative. 
Phase E: Component production 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during component production. Component production is conducted by the manufacturing 
facilities specializing in various built environment alternative components. Components 
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produced on site are included in the construction phase instead of the component production 
phase. A good example would be in-situ concrete as opposed to prefabricated concrete panels. 
Phase F: Construction 
Environment, fuel energy, goods, and services inputs occurring during the construction phase are 
dependent upon such factors as type of construction, techniques of construction, time of 
construction, quality of materials, components and subsystems, and workmanship. Construction 
related environmental impacts, such as construction wastes, are accounted for during this phase. 
This phase also includes work done during the guarantee and warranty periods of the 
construction contract, which commence at the beginning of the use phase. 
Phase G: Use 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during the use, operation, and maintenance up to time of demolition. Included are financing, 
maintenance, operation, alteration, repair, replacement, tax elements, insurance, and any other 
activities that require EMERGY inputs. The use phase includes the period of time from the 
substantial completion of the construction to the demolition phase. Included are the periods of 
nonuse or abandonment. The use phase is affected by quality of materials, decisions on 
utilization of recycled materials, components, and subsystems, and phase duration. 
Phase H: Demolition 
This phase includes EMERGY evaluation of environment, fuel energy, goods, and services 
inputs used to demolish and remove the materials, components, and systems during this phase. 
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Currently, most construction materials, components, and subsystems are disposed of in the form 
of demolition debris during the demolition phase. The EMERGY for disposal is accounted for in 
phase J (disposal phase). 
Phase I: Natural resource recycling 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs used to 
recycle materials, components, and systems. EMERGY inputs can be reduced if recycling 
increases natural resource formation (Phase A), and decreases natural resource exploration and 
extraction (Phase B), material production (Phase C), component production (Phase E), and 
disposal (Phase J). 
Phase J: Disposal 
This phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during the disposal of materials, components and systems. Included in the evaluation are 
demolition debris placement, demolition debris compaction, demolition debris landfill 
containment, landfill closure, and landfill post-closure. 
Consumption of minerals and energy begins with the conception of a built environment 
alternative and continues beyond its use phase. Traditional evaluation uses money. Since money 
goes only to pay for human services, it is not suitable for environmental value engineering. 
Embodied energy could not be used either because it accounts only for fuel energy and does not 
include environmental, goods, or services input sources (Roudebush, 1992). Construction 
methods include all alternatives that consume environment (E), fuel energy (F), goods (G), and 
services (S) inputs. This is expressed in the energy systems diagram shown in Figure 4 below. 
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Figure 4. Energy systems diagram, (Roudebush, 1997) 
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Since production and consumption processes, which take place during all phases of a built 
environment alternative's life cycle, use energy of differing quality or type, EMERGY was 
selected as the basic unit of quantification because it is energy of differing types converted into 
units of one type of energy. (Roudebush, 1992). EMERGY, a measure of real wealth, is defined 
as the sum of the available energy of one kind previously required directly or indirectly through 
input pathways to make a product or service (Odum, 2000). In this paper EMERGY is used. The 
unit of EMERGY is the Solar Emergy Joule or solar emjoules (SEJ), to distinguish it from the 
regular joule (J) and to point out a different quality assessment based on a donor side point of 
view (Odum, 2006). 
 
Emergy Transformities 
A transformity is defined as the EMERGY (in solar emjoules) of one kind of available energy 
required directly or indirectly (through all the pathways required) to make one joule of energy of 
another type (solar emjoules/joule), a given unit weight (solar emjoules/gram), or a given 
currency (solar emjoules/United States dollar). Transformity is the ratio of EMERGY to 
available energy (Odum, 1998).  
 
Hierarchical Organization 
Environmental value engineering accounts for the total EMERGY of all systems of a built 
environment alternative during the 10 environmental value engineering life cycle phases. Each 
phase of a built environment alternative forms a portion of an EMERGY hierarchy for that 
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alternative. The built environment alternative EMERGY hierarchy also may be represented by a 
series of stepwise transformations from materials, to components, to subsystems, to a whole 
alternative. 
 
Summary 
The reviewed literature highlighted the importance of using environmentally friendly materials 
as these materials respond to a growing market demand for organic, non-toxic, energy-efficient, 
and earth-friendly products. This can help prevent the depletion of resources and the need to 
responsibly manage resources. Many technologies have been developed to assess the 
environmental impact of materials. The environmental value engineering life cycle analysis 
evaluates the environmental contribution and impact of built environmental alternatives in units 
of EMERGY over the life cycle. 
 
The two buildings: the Oaks and the Stroh Center at Bowling Green State University were found 
to have different curtain wall systems. The Oaks utilized the CTW Hybrid series 3 curtain wall 
consisting of wood on the inside and aluminum on the outside, while the Stroh Center utilized 
the Kawneer 1600 wall system made of aluminum mullions.  There is no literature on 
environmental assessment comparing the environmental impact of these two systems; hence 
there is the need for this research which is focused on comparing the environmental impacts of 
the two systems using an environmental value engineering analysis. 
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CHAPTER 3 
METHODOLOGY 
Restatement of the Problem 
The purpose of this study was to compare the environmental impact of a LEED system (timber 
mullion) and NON-LEED system (aluminum mullion) alternatives using the environmental value 
engineering (EVE) methodology. 
 
The objectives were: 
• To calculate the EMERGY inputs of environment, fuel energy, goods and services of 
LEED® curtain wall system. 
• To calculate the EMERGY inputs of environment, fuel energy, goods and services of 
NON-LEED® curtain wall system 
• To compare the environmental impact in terms of EMERGY inputs of environment, fuel, 
goods and services of both LEED® and NON-LEED® curtain wall systems employing the 
environmental value engineering methodology. 
Assessment of Alternatives 
In order to compare the environmental impact of both LEED® curtain wall and NON-LEED® 
curtain wall, environmental value engineering was used to evaluate both alternatives. Alternative 
A was the LEED® curtain wall alternative (The Oaks) and alternative B was the NON-LEED® 
curtain wall alternative (Stroh Center). 
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Environmental value engineering EMERGY analysis tables were used to tabulate the EMERGY 
inputs required by these two window system alternatives through all 10 environmental value 
engineering life cycle phases. The EMERGY data was then input into aggregated EMERGY 
input source data table for comparison purposes. 
 
Design Description of Alternatives 
To achieve the objectives, the same exterior wall area was selected for both systems. The wall 
systems for both buildings span more than 25 feet from the ground. For the purpose of this 
research, a height of 25 feet and width of 25 feet was used for both systems. The height was 
taken from the ground upwards. The design wind load for both systems was 21 pounds per 
square feet. The use phase for each alternative was set at 100 years. 
The following assumptions were made for this research: 
1. The rubber gaskets on both window systems are the same. 
2. The glazing on both systems is the same. 
3. The inputs for both systems at the design phase are the same and therefore no 
calculations are included. 
4. There is no significant difference in the inputs at the component production phase. 
5. There is no calculation for recycling phase. Inputs are assumed to be the same for both 
alternatives. 
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6.  There is no disposal because it is assumed that all materials will be recycled. 
7. The equipment used will not be recycled at the end of its useful life. 
 
Alternative A (the Oaks) 
Components of the SAS series 3 on the Oaks are given in figure 5. 
 
 
Figure 5: Elevation view of Alternative A (The Oaks) 
Sequencing of components during the use phase is graphically shown in Figure 6 below. 
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Figure 6: Sequencing of Alternative A components during use phase. 
The Oaks (SAS series 3) curtain wall consists of a laminated oak mullion and aluminum cover. 
The mullion has an area of 2 inches x 8 inches. The mullion is replaced every 50 years. The 
sequencing of this alternative involves new construction at age 50 after demolition to last the 100 
year use phase 
 
Alternative B (The Stroh Center) 
Components of the Kawneer 1600 system on the Stroh Center are given in Figure 7 below. 
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Figure 7: Elevation view of Alternative B (Stroh Center) 
 
Sequencing of components during the use phase is graphically shown in Figure 8 below. 
 
Figure 8: Sequencing of alternative B components during use phase. 
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The Stroh Center (Kawneers1600) curtain wall consists of aluminum mullion and aluminum 
cover. The mullion has an area of 2 inches x 6 inches. This is replaced every 100 years. The 
sequencing of both alternatives involve demolition at 100 years.  
Emergy Input Calculations 
 
Information regarding the alternatives for the EMERGY calculations related to specific 
environmental value engineering life cycle phase inputs were obtained from representatives and 
engineers of both the Kawneer Company and C.T.W. Engineered glazing systems.   
 
EMERGY input calculation methods were applied to the assessment as follows: 
• Material mass quantity take-offs were conducted based on curtain wall descriptions and 
dimensions for initial environmental impact EMERGY of material transformity phases 
A-C for curtain wall alternatives A and B. 
• Environmental value engineering EMERGY input tables were constructed for both 
environmental value engineering phase of each curtain wall alternatives. 
• Material raw unit quantities for phases A-C of both curtain wall alternatives A and B 
were entered into the EMERGY input tables provided in Appendix C. 
• Applicable transformities were added to the transformity column of EMERGY input 
tables. 
• EMERGY source inputs were categorized as environment (E), fuel energy (F), goods 
(G), and services (S). Environmental value engineering EMERGY analysis tables were 
arranged in order by life cycle phase and curtain wall alternative system alternative. 
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EMERGY calculation back-up sheets were constructed for each EMERGY source input 
of each environmental value engineering EMERGY analysis table for all phases. 
Raw unit quantities of EMERGY source inputs E, F, G, and S were calculated on back-up sheets 
for inclusion on appropriate environmental value engineering EMERGY analysis input tables. 
EMERGY (solar emjoules) of EMERGY source inputs E, F, G and S were calculated on each 
EMERGY analysis input table. Solar input EMERGY source data summaries were transferred to 
the aggregated EMERGY input source data table for the SAS series 3 and Kawneer curtain wall 
system alternatives. EMERGY source input quantities on the aggregated EMERGY input source 
data tables were used to construct aggregated phase EMERGY input signatures, a total phase 
EMERGY input signature, and a graphical simulation of cumulative total input source EMERGY 
EMERGY analysis input tables 
EMERGY analysis input tables were used for the phases under study for both alternatives. Table 
2 below that follows is an example of such table with cells for all inputs of environment, fuel 
energy, goods, and services. Multiplying the raw units (column 3) with the appropriate 
transformity (column 4) gave the EMERGY values (column 5) in solar emjoules (SEJs) 
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Table 2: Example of EVE EMERGY analysis input table (Roudebush, 1992). 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT    
E1 Atmosphere    
E2 Ecol. Prod.    
E3 Energy    
E4 Land    
E5 Water    
     
F FUEL ENERGY    
F1 Equipment    
F2 Facilities    
     
G GOODS    
G1 Equipment    
G2 Facilities    
G3 Materials    
G4 Tools    
     
S SERVICES    
S1 Labor    
     
 32 
 
Aggregated EMERGY Input Source Data 
For each alternative, aggregated EMERGY input source data similar to Table 3 below was 
prepared to compile the data from columns (E), (F) , (G) , and (S) of all the phases. The 
aggregated EMERGY input source data is obtained from EMERGY analysis input tables given 
in Appendix C. 
Table 3. Example of Aggregated EMERGY Input Source Data 
EVE 
PHASE 
EMERGY INPUT SOURCE DATA TOTAL 
PHASE 
EMERGY 
(SEJ)           
ENVIRON. 
(E) 
FUEL 
ENERGY 
(F) 
GOODS  
(G) 
SERVICES 
(S) 
TRANSFORMIT 
(A-C) 
     
DESIGN            
(D) 
     
COMP. PROD   
(E) 
     
CONSTRUCTION 
(F) 
     
USE                       
(G) 
     
DEMOLITION 
(H) 
     
RECYCLING         
(I) 
     
DISPOSAL             
(J) 
     
TOTAL SYSTEM EMERGY (SEJ)  
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Summary EMERGY analysis input table 
The EMERGY values for both alternatives on the EMERGY analysis input tables described 
above were then input into the summary EMERGY data tables similar to Table 4 below. The 
table indicated the total EMERGY for both alternatives independently, meeting the comparison 
objective of this study. 
Table 4: Summary EMERGY analysis input table 
ALTERNATIVE INPUTS IN SEJ TOTALS 
SEJ 
ENVIRON 
(E) 
FUEL 
ENERGY  
(F) 
GOODS 
(G) 
SERVICES 
(S) 
A. LEED      
B. NON-LEED      
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CHAPTER 4 
FINDINGS 
This chapter presents the results obtained from the environmental value engineering assessment 
of LEED® and non-LEED® curtain wall system alternatives A and B, respectively. The results are 
presented for both alternatives under the aggregated phase EMERGY Input Source data and the 
comparison of inputs for both alternatives. 
 
Aggregated EMERGY Input Source Data Tables 
An aggregated EMERGY input source data table represents the EMERGY of input sources for 
all systems of a curtain wall alternative during the 10 life cycle phases of environmental value 
engineering. The aggregated EMERGY input source data tables for curtain wall alternatives A 
and B are given in Tables 5 and 6, respectively. The information on the aggregated EMERGY 
input source data tables are obtained from the environmental value engineering EMERGY 
analysis input tables in Appendix C. The EMERGY inputs of environment (E), fuel energy (F), 
goods (G) and services (S) for each phase were summed up to give the total phase EMERGY for 
that particular phase. 
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Table 5: Aggregated EMERGY Input Source Data Table for LEED® curtain wall (Alternative A) 
EVE 
PHASE 
EMERGY INPUT SOURCE DATA TOTAL 
PHASE 
EMERGY 
(SEJ) 
ENVIRON. 
(E) 
FUEL 
ENERGY 
(F) 
GOODS  
(G) 
SERVICES 
(S) 
TRANSFORMITY 
(A-C) 
1.82x1018 1.82x1018 1.82x1018 1.82x1018 7.28x1018 
DESIGN           
(D) 
0 0 0 0 0 
COMP. PROD   
(E) 
0 0 0 0 0 
CONSTRUCTION 
(F) 
0 1.10x1015 7.04x1013 5.94x1015 7.11x1015 
USE                   
(G) 
1.82x1018 1.82x1018 1.82x1018 1.82x1018 7.28x1018 
DEMOLITION 
(H) 
0 4.24x1014 2.67x1013 6.44x1014 1.09x1015 
RECYCLING     
(I) 
0 0 0 0 0 
DISPOSAL        
(J) 
0 0 0 0 0 
TOTAL SYSTEM EMERGY (SEJ) 1.46x1019 
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Table 6: Aggregated EMERGY Input Source Data Table for NON- LEED® curtain wall 
(Alternative B) 
EVE 
PHASE 
EMERGY INPUT SOURCE DATA TOTAL 
PHASE 
EMERGY 
(SEJ) 
ENVIRON. 
(E) 
FUEL 
ENERGY 
(F) 
GOODS 
(G) 
SERVICES 
(S) 
TRANSFORMITY 
(A-C0 
7.72x1014 7.72x1014 7.72x1014 7.72x1014 3.09x1015 
DESIGN           
(D) 
0 0 0 0 0 
COMP. PROD    
(E) 
0 0 0 0 0 
CONSTRUCTION 
(F) 
0 8.98x1014 5.72x1013 4.82x1015 5.78x1015 
USE                    
(G) 
0 0 0 0 0 
DEMOLITION 
(H) 
0 8.05x1013 2.24x1013 5.20x1014 6.23x1014 
RECYCLING     
(I) 
0 0 0 0 0 
DISPOSAL        
(J) 
0 0 0 0 0 
TOTAL SYSTEM EMERGY 9.49x1015 
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Figures 9 and10 below are graphical chart representations of the phases and their corresponding 
total phase EMERGY given in Tables 5 and 6 previously, respectively. Figure 11 is a 
comparison of the phase EMERGY of both alternatives. 
 
Figure 9: Chart of aggregated EMERGY input source data for alternative A (LEED®). 
 
Ranking of the phase EMERGY from highest to lowest follow: 
• Highest total phase EMERGY occurred during both the A-C transformity phase and Use 
phase G. 
• Second highest total phase EMERGY occurred during the Construction phase F. 
• The third highest total phase EMERGY occurred during the Demolition phase H.  
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Figure 10: Chart of aggregated EMERGY input source data for alternative B (NON-LEED®) 
Ranking of the phase EMERGY from highest to lowest follow: 
• Highest total phase EMERGY occurred during the Construction phase F. 
• Second highest total phase EMERGY occurred during the A-C Transformity phase. 
• The third highest total phase EMERGY occurred during the Demolition phase H. 
• The Use phase has zero EMERGY and it’s the least. 
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Figure 11: EMERGY input signature comparison of phase EMERGY 
 
• The LEED® Alternative A generally has higher phase EMERGY than the NON-LEED 
Alternative B.   
• The highest total EMERGY phase occurred during the A-C Transformity phase for 
LEED® Alternative A and Construction phase (F) for NON-LEED® Alternative B. 
• NON-LEED® Alternative B has zero EMERGY at the Use (G) phase. 
• The least total phase EMERGY occurred during the Demolition phase (H) for LEED 
alternative A. 
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The percentage differences in the total phase EMERGY of each phase for both alternatives is as 
follows: 
• A-C MATERIAL TRANSFORMITY: The LEED® alternative A is 99.96% higher than 
the NON-LEED® alternative B. 
• CONSTRUCTION PHASE F: The LEED® alternative A is 18.70% higher than the NON-
LEED® alternative B. 
• USE PHASE G: The LEED alternative A is 100% higher than the NON-LEED® 
alternative B. 
• DEMOLITION PHASE H: The LEED® alternative A is 42.84% higher than the NON-
LEED® alternative B. 
 
Comparison of Inputs for both alternatives 
An environmental value engineering summary EMERGY input Table 7 represents the EMERGY 
of input sources for both alternatives during the ten phases of each alternative. This table 
summarizes the EMERGY input sources of environment (E), fuel energy (F), goods (G), and 
services (S) for both alternatives from the Aggregated EMERGY Input Source Data Tables here 
above. Table 8 below represents the percentage of the inputs of both alternatives. Figure 12 
provides an EMERGY input signature graph comparing inputs to both alternatives. 
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Table 7: Summary EMERGY analysis input table. 
ALTERNATIVE INPUTS IN SEJs TOTAL 
SEJs 
ENVIRON. 
(E) 
FUEL 
ENERGY (F) 
GOODS 
(G) 
SERVICES 
(S) 
A. LEED 3.64x1018 3.64x1018 3.64x1018 3.64x1018 1.46x1019 
B. NON-LEED 7.72x1014 1.75x1015 8.52x1014 6.11x1015 9.49x1015 
 
The total EMERGY for the LEED® alternative A is 1.46x1019 SEJs and that of the NON-LEED® 
alternative B is 9.49x1015 SEJs. EMERGY inputs of LEED alternative A are 1.46x1019 SEJs more 
than EMERGY inputs of alternative B. Therefore the LEED® alternative A has 99.93% more 
EMERGY than the NON-LEED® alternative B. 
For the LEED® alternative A:  
All the inputs of Environment (E), Fuel Energy (F), Goods (G) and Services (S) are the same. 
For the NON-LEED® alternative B: 
Services (S) have the highest EMERGY input followed by Fuel Energy (F), and Goods (G). The 
least input is Environment (E). 
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Table 8: Inputs and percentages 
LEED Alternative A  NON-LEED Alternative B  
 SEJs %  SEJs % 
Environment 3.64x1018 25% Environment 7.72x1014 8.16% 
Fuel Energy 3.64x1018 25% Fuel Energy 1.75x1015 18.47% 
Goods 3.64x1018 25% Goods 8.52x1014 8.98% 
Services 3.64x1018 25% Services 6.11x1015 64.39% 
Totals 1.46x1019 100% Totals 9.49x1015 100% 
 
• For the LEED® alternative A, all the inputs of Environment (E), Fuel Energy (F), Goods 
(G) and Services (S) are the same. Each input formed 25% of the total EMERGY. 
• For the NON-LEED® alternative B, Services (S) ranked first at 64.39% of the total 
EMERGY. Followed by Fuel Energy (F) at 18.47% and then Goods (G) at 8.98%. The 
least input is Environment (E) at 8.16%. 
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Figure 12: EMERGY input signature Graph comparing inputs 
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CHAPTER 5 
SUMMARY AND DISCUSSIONS  
Summary 
In summary, the research study compared a LEED® and NON-LEED® window systems using the 
environmental value engineering methodology. The LEED® window was the SAS series 3 used 
at the Oaks building and the NON-LEED® window was the Kawneer 1600 system used at the 
Stroh Center, both buildings are located in Bowling Green State University. 
Environmental value engineering (EVE) is an assessment system developed by Dr. Wilfred H. 
Roudebush (1992) to account for the environmental role in built environmental alternatives. This 
environmental life cycle assessment evaluates the environmental contribution and impact of built 
environmental alternatives in units of EMERGY. There are 10 life cycle phases in environmental 
value engineering. EMERGY analysis input tables were used to account for EMERGY inputs 
during the phases under study for both alternatives. The calculations are shown in Appendix C. 
A summary EMERGY analysis table was prepared to compare the inputs of both alternatives. 
The analysis carried out indicated that the NON-LEED® (Kawneer 1600 system) has 
substantially less impact on the environment than the LEED® (SAS Series 3). 
 
Discussion 
The purpose of the study was to compare LEED® and NON-LEED® window curtain wall systems 
using environmental value engineering methodology. The research results show that the LEED® 
window system has substantially high environmental impact than the NON-LEED® window 
system. This can be attributed to the following: 
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• The difference in the life cycle of the alternatives. Alternative A was repeated twice in 
100 years. It was demolished and replaced at 50 years whiles Alternative B lasts for the 
whole 100 years without any replacement. This accounts for the high Use phase 
EMERGY for Alternative A. 
• Apart from the replacement at 50 years, the LEED® alternative A is made up of both 
wood and aluminum. The aluminum cover added to the high total EMERGY of 
alternative A. 
The study assumed that Design, Component Production, Natural Resource Recycling and 
Disposal were the same for both alternatives. These could make remarkable difference and could 
probably change the environmental impact of both alternatives if they were considered to be 
different for either alternative. 
From this research assessment, it can be concluded based on the results that the LEED® window 
system accounts for 1.46x1019 SEJs while the NON-LEED® window system accounts for 
9.49x1015 SEJs. The LEED® window system requires 1.46x1019 SEJs more than the NON-
LEED® window system. Therefore the LEED® alternative A has an impact of 99.93% greater 
than that of the NON-LEED® alternative B making the NON-LEED® alternative B more 
environmentally friendly. 
 
Further Research 
For the purpose of this research, some of the phases were assumed to be the same for both 
alternatives. These phases can be considered and the inputs calculated which can enhance this 
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research project. More inputs can also be included to enhance the results of this research project. 
For future research, the following should be considered: 
• EMERGY equivalents of the EMERGY difference between built environment 
alternatives. 
• An EVE EMERGY analysis including the rubber gaskets and glazing for both LEED® 
and NON-LEED® window systems. 
• An EVE EMERGY analysis including the Design, Component, Recycling and Disposal 
phases for both LEED® and NON-LEED® alternatives. 
• Conducting an environmental value engineering EMERGY analysis of LEED® and NON-
LEED® window systems using window systems from different companies.  
• Application of EVE to compare different built environment systems. 
• An EVE EMERGY analysis comparing the different sources of electricity production 
(hydro, thermal, solar, wind etc.) 
• More EVE research to refine the EVE methodology. 
• More research on transformities for different species of wood. 
 
 
 
 
 
 
 47 
 
REFERENCES 
Intergovernmental Panel on Climate Change. (2007). IPCC fourth assessment report: climate  
 change 2007. (Publication number AR4) . Washington DC, US.  
Odum, H.T. (1988). Self-organization, transformity, and information. American Association for 
the Advancement of Science weekly journal. Science, Volume 242, pp. 1132-1139 
Odum, H.T. (1998). Emergy Evaluation. Paper presented at the international workshop on 
advances in energy studies: energy flows in ecology and economy, Porto Venere, Italy 
Odum, H.T. (2000). Emergy evaluation of an OTEC electrical power system. Energy, 25(4), 
389-393.  
Odum, H.T., & Odum, E.C. (2006).The prosperous way down. Energy, 31(1), 21-32.  
Office of Energy and Environmental Industries. (2012). Industry facts. Washington DC, US.   
 Government Printing Office. 
Roodman, D. M.  & Lenssen, N. (1995). A building revolution: how ecology and health concerns  
 are transforming construction. Worldwatch paper 124, Worldwatch institute. Washington  
 DC. 
Ross, S. & Dru, M. (1999). Green building materials: a guide to product selection and 
specification. Cambridge University Press. 
 
 48 
 
Roudebush, W.H. (1992). Environmental value engineering (EVE): A system for analyzing the 
environmental impact of built environment alternatives. (Doctoral dissertation, University 
of Florida, 1992). University Microfilms International, Ann Arbor, MI. 
Roudebush, W.H. (1997). Environmental value engineering (EVE): Environmental life cycle 
assessment of concrete and asphalt highway pavement systems. Portland Cement 
Association. 
Roudebush, W.H. (2003). Environmental value engineering: An environmental life cycle 
assessment methodology for comparing built environment alternatives. Paper presented at 
the American Society for Engineering Education annual conference and exposition 
United States Green Building Council. (2009). LEED 2009 for New Construction and Major  
Renovation. Retrieved December 16, 2011 from 
http://www.usgbc.org/ShowFile.aspx?DocumentID=5545 
 
 
 
 
 
 
 
 
 49 
 
 
 
 
 
 
APPENDIX A 
ENVIRONMENTAL IMPACT EMERGY INPUT SOURCES 
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The following phase inputs are from Roudebush (1992). 
PHASE A. Natural Resource Formation 
 
E . Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
F. Fuel Energy (nonrenewable): none 
G. Goods: none 
S. Services (labor): none 
 
PHASE B. Natural Resource Exploration and Extraction 
 
E. Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
E6. Materials 
F. Fuel Energy (nonrenewable) 
F1. Equipment 
F2. Facilities 
F3. Materials 
G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 
S. Services 
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S1. Labor 
S2. Materials 
 
PHASE C. Material Production 
 
E. Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
E6. Materials 
F. Fuel Energy (nonrenewable) 
F1. Equipment 
F2. Facilities 
F3. Materials 
G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 
S. Services 
S1. Labor 
S2. Materials 
 
PHASE F. Construction 
E. Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
E6. Materials 
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F. Fuel Energy (nonrenewable) 
F1. Equipment 
F2. Facilities 
F3. Materials 
G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 
S. Services 
S1. Labor 
S2. Materials 
 
PHASE G. Use 
E. Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
E6. Materials 
F. Fuel Energy (nonrenewable ) 
F1. Equipment 
F2. Facilities 
F3. Materials 
G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 
S. Services 
S1. Labor 
S2. Materials 
 
PHASE H. Demolition 
E. Environment (renewable) 
El. Atmosphere 
E2. Ecological production 
E3. Energy 
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(1) Sun 
(2) Earth 
E4. Land 
(1) Area 
(2) Resources 
E5. Water 
(1) Area 
(2) Resources 
E6. Materials 
 F. Fuel Energy (nonrenewable) 
F1. Equipment 
F2. Facilities 
F3. Materials 
G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 
S. Services 
S1. Labor 
S2. Materials 
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APPENDIX B 
 
TRANSFORMITIES 
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MATERIAL UNIT TRANSFORMITIES   
Aluminum ingots  (g) 1.60E+10   
Asphalt (J) 3.47E+05   
Asphalt Concrete  (g) 1.78E+09   
Cement  (g) 3.30E+10   
Clay (g) 1.71E+09   
Coal  (J) 3.98E+04   
Concrete  (g) 9.99E+08   
Copper  (g) 6.80E+10   
Drilling Fluid (lb) 3.02E+10 (Refer to note 4) 
Electricity  (J) 1.59E+05   
Fertilizer (g) 1.20E+10   
Grain  (J) 6.80E+04   
Iron  (g) 1.80E+09   
Limestone (g) 1.62E+06   
Machinery   (g) 6.70E+09   
Mulch (g) 1.71E+09   
Natural gas  (J) 4.80E+04   
Oil  (J) 5.30E+04   
Paper  (J) 2.15E+05   
Petroleum product  (J) 6.60E+04   
Plastic  (g) 3.20E+09   
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Polymers (g) 3.20E+09   
Rubber  (g) 4.30E+09   
Soda Ash (g) 1.62E+06   
Seed (g) 4.71E+09   
Service, labor  ($) 1.10E+12 (Refer to note 3) 
Steel  (g) 1.80E+09   
Stone, mined  (g) 1.00E+09   
Stone, natural state  (g) 8.50E+08   
Topsoil  (g) 1.71E+09   
Water (g) 7.28E+04   
Wood  (J) 3.49E+04   
     
NOTES: 
1. Transformity units are solar emjoules/Joule, solar emjoules/gram, solar emjoules/gal, 
solar emjoules/lb, or solar emjoules/US $ 
2. Source: Dr. Howard T. Odum, Department of Environmental Engineering Sciences, 
University of Florida, Gainesville, Florida. 
3. Units in 1998 U.S. dollars. 
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APPENDIX C 
 
 
EMERGY ANALYSIS INPUT TABLES AND CALCULATIONS
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A1: Material Transformity Phases A-C EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   1.82x1018 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   1.82x1018 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   1.82x1018 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   1.82x1018 
S1 Labor NA   
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A1: Material Transformity Phases A-C EMERGY Input Table 
Materials 
  Wood transformity = 3.49x104 sej/j 
  Aluminum transformity = 1.60x1010 sej/g  
Weight of wood = 3.46 lbs/ft 
  Weight of aluminum = 0.68 lbs/ft 
Wood Quantity 
  Length = 25 feet x 5 = 125 feet 
  Energy = (125 ft) (3.46 lbs/ft) (453.59 g/lbs) (1.59x104 J/g) = 3.2x109 j 
Aluminum Quantity 
  Length = 25 feet x 5 = 125 feet 
  Mass = (125 ft) (0.68 lbs/ft) (453.59 g/lbs) = 3.86x104 g 
E. ENVIRONMENT 
 Wood 
  Environment input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
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F. FUEL 
 Wood 
  Fuel energy input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Fuel energy input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
G. GOODS 
 Wood 
  Goods input transformity portion =25 % (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Goods input transformity portion = 25% (Est.) 
  (1.60E10 sej/g) (0.25) = 4.0E9 sej/g 
  (4.0E9 sej/g) (3.86E4 g) = 1.54E14 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
S. SERVICES 
 Wood 
  Services input transformity portion = % (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
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  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Services input transformity portion = 25% (Est.) 
  (1.60E10 sej/g) (0.25) = 4.0E9 sej/g 
  (4.0E9 sej/g) (3.86E4 g) = 1.54E14 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A2: Design Phase D EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
Design EMERGY inputs are zero because they are assumed to be the same for both alternatives. 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A3: Component Production Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
Component production EMERGY inputs are assumed to be the same for both alternatives. 
 64 
 
LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A4: Construction Phase F EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   NA 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   1.10x1015 
F1 Equipment 1.67x1010 J 6.60x104 1.10x1015 
F2 Facilities NA   
     
G GOODS   7.04x1013 
G1 Equipment 1.05x104 g 6.70x109 7.04x1013 
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   5.94x1015 
S1 Labor $2.97x103 2.00x1012 5.94x1015 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A4: Construction Phase F EMERGY Input Table 
Area of curtain wall = 25 ft x 25 ft = 625 ft2 
Workers = 4  
Equipment = JLG articulating boom lift  
Productivity = 160 sf/day (8 hrs) = 20 ft2/hr (From RS Means 2010) 
E. ENVIRONMENT 
 N/A 
F. FUEL ENERGY 
 F1. Equipment 
  F1.JLG articulating boom lift (740AJ) (From http://www.jlg.com) 
  Fuel consumption = 3.5 gal/hr (Est.) 
  Use = 32 hrs  
  (32 hr) (3.5 gal/hrs) = 112 gal 
  [(112 gal) / (42 gal/BBL)] (6.28E9 J/BBL) = 1.67E10 J  
G. GOODS 
 G1. Equipment 
  G1. F1.JLG articulating boom lift (740AJ) 
  Weight = 36,200 lbs 
  Useful life = 50,000 hrs 
  Use = 32 hrs 
  [(32 hrs) / (50,000 hrs)] (36,200 lb) (453.6 g/lb) = 1.05E4 g 
 
 66 
 
 
S. SERVICES 
 S1.1 Two glaziers (From RS Means 2010) 
  Labor hrs = 32 hrs 
  Labor salary = $25.35/hr 
  Labor = (32 hrs) ($25.35/hr) x 2 = $1,622.4 
 S1.2 Two steel/wood workers (From RS Means 2010) 
  Labor hrs = 32 hrs 
  Labor salary = $20.98 
  Labor = (32 hrs) ($20.98/hr) x 2 = $1,342.72 
  Total S1 labor = $2.97E3 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A5: Use Phase G EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   1.82x1018 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
E6 Materials [RE: CALCULATION BACK-UP] 1.82x1018 
     
F FUEL ENERGY   1.82x1018 
F1 Equipment 3.02x1010J 6.60X104 1.99x1015 
F2 Facilities NA   
F3 Materials   1.82x1018 
     
G GOODS   1.82x1018 
G1 Equipment 1.42x104g 6.70X109 9.51x1013 
G2 Facilities    
G3 Materials   1.82x1018 
G4 Tools    
     
S SERVICES   1.83x1018 
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S1 Labor $3.25x103 2.00x1012 6.50x1015 
S2 Materials   1.82x1018 
 
LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A5: Use Phase G EMERGY Input Table 
[Removal of original window at year 50 and new construction at year 50] 
Materials 
  Wood transformity = 3.49x104 sej/j 
  Aluminum transformity = 1.60x1010 sej/g  
Weight of wood = 3.46 lbs/ft 
  Weight of aluminum = 0.68 lbs/ft 
Wood Quantity 
  Length = 25 feet x 5 = 125 feet 
  Energy = (125 ft) (3.46 lbs/ft) (453.59 g/lbs) (1.59x104 J/g) = 3.12x109 j 
Aluminum Quantity 
  Length = 25 feet x 5 = 125 feet 
  Mass = (125 ft) (0.68 lbs/ft) (453.59 g/lbs) = 3.86x104 g 
Area of curtain wall = 25 ft x 25 ft = 625 ft2 
 
E. ENVIRONMENT  
E6. Materials 
Wood 
  Environment input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
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  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
 
F. FUEL ENERGY 
DEMOLITION 
 F1. Equipment 
F1. Hitachi demolisher with attachment (ZAXIS240LC) (From www.hitachi.com) 
  Fuel consumption = 4 gal/hr 
  Demolition rate = 450 ft2/hr 
  Use = 625 ft2/450 ft2/hr =1.39 hr 
  (1.39 hr) (4 gal/hr) = 5.56 gal 
  [(5.56 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 8.31x109 J 
 
  F1. Hitachi Dump truck (ZX850-a) 
  Truck bucket capacity = 124 ft3 
  Fuel consumption = 5 gal/hr 
  Demolisher rate = 450 ft3/hr 
  Loading time = (124 ft3 /450 ft3) x60 mins = 16.53 mins  
Dump + traveling time = [(2 trips x15 miles x 60 mins/hr)/30 mi/hr] + 5 min/load 
= 65 mins 
Cycle time = 16.53 + 65 = 81.53 mins 
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    Number of trucks = 81.53/16.53 = 5 
  Use = 625 ft2/450 ft2/hr =1.39 hr 
  (1.39 hr) (5 gal/hr) = 6.95gal 
  (5) [(6.95 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 5.20x109J 
 
NEW CONSTRUCTION 
  F1. Equipment 
F1.JLG articulating boom lift (740AJ) 
  Fuel consumption = 3.5 gal/hr (Est.) 
  Use = 32 hrs  
  (32 hr) (3.5 gal/hrs) = 112 gal 
  [(112 gal) / (42 gal/BBL)] (6.28E9 J/BBL) = 1.67x1010 J  
  Total F1 Equipment = 3.02x1010J 
 
  F3. Materials 
Wood 
  Environment input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
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G. GOODS 
DEMOLITION 
 G1. Equipment 
G1. Hitachi demolisher with attachment (ZAXIS240LC) 
  Weight = 45,000 lb 
  Useful life = 50,000 hrs   
Use = 625ft2/450 ft2/hr =1.39 hr 
  [(1.39 hrs) / (50,000 hrs)] (45,000 lb) (453.6 gal/lb) = 567.45 g 
 
  G1. Hitachi Dump truck (ZX850-a) 
  Weight = 50,000 lb 
  Useful life = 50, 000 hrs 
Use = 625 ft2/450 ft2/hr =1.39 hr  
 
(5) [(1.39 hrs) / (50,000 hrs)] (50,000 lb) (453.6 gal/lb) = 3.15x103 g 
 
NEW CONSTRUCTION 
G1. Equipment 
  G1. F1.JLG articulating boom lift (740AJ) 
  Weight = 36,200 lbs 
  Useful life = 50,000 hrs 
  Use = 32 hrs 
  [(32 hrs) / (50,000 hrs)] (36,200 lb) (453.6 gal/lb) = 1.05x104 g 
  Total G1 = 1.42x104 g 
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G3. Materials 
Wood 
  Environment input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
 
S. SERVICES 
DEMOLITION 
 S1. Labor 
 Demolition rate = 450 ft2/hr 
 Demolition duration = 625 ft2/450 ft2/hr =1.39 hr 
 Crew 
 Demolisher driver = $ 28/hr = 28x1.39 = $ 38.92 
 5 dump truck drivers = $ 28/hr = 5x28x1.39 = $ 194.60 
 2 laborers = $ 20/hr = 2x20x1.39 = $ 55.6 
 Total labor cost = $ 289.12 
NEW CONSTRUCTION 
 S1.1 Two glaziers  
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  Labor hrs = 32 hrs 
  Labor salary = $ 25.35/hr 
  Labor = (32 hrs) ($ 25.35/hr) x 2 = $ 1,622.4 
 S1.2 Two steel/wood workers 
  Labor hrs = 32 hrs 
  Labor salary = $ 20.98 
  Labor = (32 hrs) ($ 20.98/hr) x 2 = $ 1,342.72 
  Total S1 labor = $ 3.25x103 
S2. Materials 
Wood 
  Environment input transformity portion = 25% (Est.) 
  (3.49x104 sej/j) (0.25) = 8725 sej/j 
  (8725 sej/j) (3.2x109 j) = 2.79x1013 sej 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (3.86x104 g) = 1.54x1014 sej 
 Total Environment solar EMERGY input = 1.82x1018 sej 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A6: Demolition Phase H EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   NA 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   4.24x1014 
F1 Equipment 6.42x109J 6.60x104 4.24x1014 
F2 Facilities NA   
     
G GOODS   2.67x1013 
G1 Equipment 3.98x103g 6.70x109 2.67x1013 
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   6.44x1014 
S1 Labor $322.20 2.00x1012 6.44x1014 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A5: Demolition H EMERGY Input Table 
 
E. ENVIRONMENT 
NA 
F. FUEL ENERGY 
DEMOLITION 
 F1. Equipment 
F1. Hitachi demolisher with attachment (ZAXIS240LC) 
  Fuel consumption = 4 gal/hr 
  Demolition rate = 350 ft2/hr 
  Use = 625 ft2/350 ft2/hr =1.79 hr 
  (1.79 hr) (4 gal/hr) = 7.16 gal 
  [(7.16 gal) / (42 gal/BBL)] (6.28E9 J/BBL) = 1.07x109 J 
 
  F1. Hitachi Dump truck (ZX850-a) 
  Truck bucket capacity = 124 ft3 
  Fuel consumption = 5 gal/hr 
  Demolisher rate = 350 ft3/hr 
  Loading time = (124 ft3 /350 ft3) x60 mins = 21.25 mins  
Dump + traveling time = [(2x15x60)/30] + 5 = 65 mins 
Cycle time = 21.25 + 65 = 86.25mins 
    Number of trucks = 86.25/21.25 = 4 
  Use = 625 ft2/350 ft2/hr =1.79 hr 
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  (1.79 hr) (5 gal/hr) = 8.95 gal 
  (4) [(8.95 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 5.35x109 J 
  Total F1 = 6.42x109 J 
G. GOODS 
DEMOLITION 
 G1. Equipment 
G1. Hitachi demolisher with attachment (ZAXIS240LC) 
  Weight = 45,000 lb 
  Useful life = 50,000 hrs   
Use = 625 ft2/350 ft2/hr =1.79 hr 
  [(1.79 hrs) / (50,000 hrs)] (45,000 lb) (453.6 gal/lb) = 730.75 g 
 
  G1. Hitachi Dump truck (ZX850-a) 
  Weight = 50,000 lb 
  Useful life = 50, 000 hrs 
Use = 625 ft2/350 ft2/hr =1.79 hr  
(4) [(1.79 hrs) / (50,000 hrs)] (50,000 lb) (453.6 gal/lb) = 3.25x103 g 
  Total G1 = 3.98x103g 
 
 
S. SERVICES 
DEMOLITION 
 S1. Labor 
 Demolition rate = 350 ft2/hr 
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 Demolition duration = 625 ft2/350 ft2/hr =1.79 hr 
 Crew 
 Demolisher driver = $ 28/hr = 28x1.79 = $ 50.12 
 4 dump truck drivers = $ 28/hr = 4x28x1.79 = $ 200.48 
 2 laborers = $ 20/hr = 2x20x1.79 = $ 71.6 
 Total labor cost = $ 322.20 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A7: Natural Resource Recycling Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
Natural Resource Recycling Phase EMERGY inputs are assumed to be the same for both 
alternatives. 
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LEED Curtain Wall System – The Oaks (Alternative A) 
TABLE A8: Disposal Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
All EMERGY inputs equal zero because no disposal is assumed for both alternatives. 
 
 80 
 
NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B1: Material Transformity Phases A-C EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT [RE: CALCULATION BACK-UP] 7.72x1014  
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY [RE: CALCULATION BACK-UP] 7.72x1014 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS [RE: CALCULATION BACK-UP] 7.72x1014 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES [RE: CALCULATION BACK-UP] 7.72x1014 
S1 Labor NA   
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B1: Material Transformity Phases A-C EMERGY Input Table 
Materials 
  Aluminum transformity = 1.60x1010 sej/g  
  Weight of aluminum = 3.4 lb/ft 
Aluminum Quantity 
  Length = 25feet x 5 = 125 feet 
  Mass = (125ft) (3.4 lbs/ft) (453.59 g/lbs) = 1.93x105 g 
E. ENVIRONMENT 
 Aluminum 
  Environment input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (1.93x105 g) = 7.72x1014 sej 
 Total Environment solar EMERGY input = 7.72x1014 sej 
F. FUEL 
 Aluminum 
  Fuel energy input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (1.93x105 g) = 7.72x1014 sej 
 Total Environment solar EMERGY input = 7.72x1014 sej 
 
G. GOODS 
 Aluminum 
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  Goods input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (1.93x105 g) = 7.72x1014 sej 
 Total Environment solar EMERGY input = 7.72x1014 sej 
S. SERVICES 
 Aluminum 
  Services input transformity portion = 25% (Est.) 
  (1.60x1010 sej/g) (0.25) = 4.0x109 sej/g 
  (4.0x109 sej/g) (1.93x105 g) = 7.72x1014 sej 
 Total Environment solar EMERGY input = 7.72x1014 sej 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B2: Design Phase D EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
Design EMERGY inputs are zero because they are assumed to be the same for both alternatives. 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B3: Component Production Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
Component production EMERGY inputs are assumed to be the same for both alternatives. 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B4: Construction Phase F EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   NA 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   8.98x1014 
F1 Equipment 1.36x1010 J 6.60x104 8.98x1014 
F2 Facilities NA   
     
G GOODS   5.72x1013 
G1 Equipment 8.54x103 g 6.70x109 5.72x1013 
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   4.82x1015 
S1 Labor $2.41x103 2.00x1012 4.82x1015 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B4: Construction Phase F EMERGY Input Table 
Area of curtain wall = 25 ft x 25 ft = 625 ft2 
Workers = 4  
Equipment = JLG articulating boom lift  
Productivity = 190 sf/day (8hrs) = 24 ft2/hr 
E. ENVIRONMENT 
NA 
F. FUEL ENERGY 
 F1. Equipment 
  F1.JLG articulating boom lift (740AJ) 
  Fuel consumption = 3.5 gal/hr (Est.) 
  Use = 26 hrs  
  (26hr) (3.5 gal/hrs) = 91 gal 
  [(91 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 1.36x1010 J  
G. GOODS 
 G1. Equipment 
  G1. F1.JLG articulating boom lift (740AJ) 
  Weight = 36,200 lbs 
  Useful life = 50,000 hrs 
  Use = 26 hrs 
  [(26hrs) / (50,000 hrs)] (36,200 lb) (453.6 gal/lb) = 8.54x103 g 
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S. SERVICES 
 S1.1 Two glaziers  
  Labor hrs = 26 hrs 
  Labor salary = $ 25.35/hr 
  Labor = (26 hrs) ($ 25.35/hr) x 2 = $ 1,318.2 
 S1.2 Two steel workers 
  Labor hrs = 26 hrs 
  Labor salary = $ 20.98 
  Labor = (26 hrs) ($ 20.98/hr) x 2 = $ 1,090.96 
  Total S1 labor = $ 2.41x103 
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LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B5: Use Phase G EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
E6 Materials NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
F3 Materials NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
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S1 Labor NA   
S2 Materials NA   
 
No inputs of Energy, Fuel, Goods and Services for the Use Phase. 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B6: Demolition Phase H EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   NA 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   8.05x1013 
F1 Equipment 1.22x109J 6.60x104 8.05x1013 
F2 Facilities NA   
     
G GOODS   2.24x1013 
G1 Equipment 3.35x103g 6.70x109 2.24x1013 
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   5.20x1014 
S1 Labor $260.00 2.00x1012 5.20x1014 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B6: Demolition H EMERGY Input Table 
 
E. ENVIRONMENT 
NA 
F. FUEL ENERGY 
DEMOLITION 
 F1. Equipment 
F1. Hitachi demolisher with attachment (ZAXIS240LC) 
  Fuel consumption = 4 gal/hr 
  Demolition rate = 500 ft2/hr 
  Use = 625 ft2/500 ft2/hr =1.25 hr 
  (1.25 hr) (4 gal/hr) = 5 gal 
  [(5 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 7.48x109J 
 
  F1. Hitachi Dump truck (ZX850-a) 
  Truck bucket capacity = 124 ft3 
  Fuel consumption = 5 gal/hr 
  Demolisher rate = 500ft3/hr 
  Loading time = (124 ft3 /500 ft3) x60 mins = 14.88 mins  
Dump + traveling time = [(2 trips x15 mi x 60 min/hr)/30 mi/hr] + 5 min = 65 
mins 
Cycle time = 14.88 + 65 = 79.88 mins 
    Number of trucks = 79.88/14.88 = 5 
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  Use = 625 ft2/500 ft2/hr =1.25 hr 
  (1.25 hr) (5 gal/hr) = 6.25 gal 
  (5) [(6.25 gal) / (42 gal/BBL)] (6.28x109 J/BBL) = 4.67x109 J 
  Total F1 = 1.22x109 J 
G. GOODS 
DEMOLITION 
 G1. Equipment 
G1. Hitachi demolisher with attachment (ZAXIS240LC) 
  Weight = 45,000 lb 
  Useful life = 50,000 hrs   
Use = 625 ft2/500 ft2/hr =1.25 hr 
  [(1.25 hrs) / (50,000 hrs)] (45,000 lb) (453.6 gal/lb) = 510.30 g 
 
  G1. Hitachi Dump truck (ZX850-a) 
  Weight = 50,000 lb 
  Useful life = 50, 000 hrs 
Use = 625 ft2/500 ft2/hr =1.25 hr  
(5) [(1.25 hrs) / (50,000 hrs)] (50,000 lb) (453.6 gal/lb) = 2.84x103 g 
  Total G1 = 3.35x103 g 
 
 
S. SERVICES 
DEMOLITION 
 S1. Labor 
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 Demolition rate = 350 ft2/hr 
 Demolition duration = 625 ft2/500 ft2/hr =1.25 hr 
 Crew 
 Demolisher driver = $ 28/hr = 28x1.25 = $ 35.00 
 5 dump truck drivers = $ 28/hr = 5x28x1.25 = $175.00 
 2 laborers = $ 20/hr = 2x20x1.25 = $ 50.00 
 Total labor cost = $ 260.00 
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NON-LEED Curtain Wall System – Stroh Center (Alternative B) 
TABLE B7: Natural Resource Recycling Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
S1 Labor NA   
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Natural Resource Recycling Phase EMERGY inputs are assumed to be the same for both 
alternatives. 
NON-LEED Curtain Wall System – Stroh Center (Alternative A) 
TABLE B8: Disposal Phase E EMERGY Input Table 
NOTE ITEM RAW UNITS 
g, J, $ 
TRANSFORMITY 
sej/unit 
SOLAR EMERGY 
sej 
E ENVIRONMENT   0 
E1 Atmosphere NA   
E2 Ecol. Prod. NA   
E3 Energy NA   
E4 Land NA   
E5 Water NA   
     
F FUEL ENERGY   0 
F1 Equipment NA   
F2 Facilities NA   
     
G GOODS   0 
G1 Equipment NA   
G2 Facilities NA   
G3 Materials NA   
G4 Tools NA   
     
S SERVICES   0 
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S1 Labor NA   
All EMERGY inputs equal zero because no disposal is assumed for both alternatives. 
 
